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I n d e x map showing l o c a t i o n of E a s t Canyon a r e a 
F r o n t i e r f o r m a t i o n — s i m p l i f i e d f a c i e s a l o n g t h e 
s o u t h f l a n k of t h e U i n t a Mounta ins 
L o c a l i z e d f e n c e d i a g r a m showing v a r i a t i o n of t h i c k n e s s 
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Columnar s t r a t i g r a p h i c s e c t i o n of s e d i m e n t s e x p o s e d 
i n t h e E a s t Canyon a r e a 







      ar
ti   -- li i    t
     
l       thick
    for atio
 e   t  e
    ar









L o c a t i o n and a c c e s s i b i l i t y 
The E a s t Canyon a r e a c o m p r i s e s a p p r o x i m a t e l y 140 s q u a r e m i l e s 
and i s l o c a t e d n e a r l y t w e n t y m i l e s n o r t h e a s t of S a l t Lake C i t y , U t a h . 
A l l o r p a r t s of Townships 1-3N, Ranges 2 - 4 E , S a l t Lake M e r i d i a n , a r e 
i n c l u d e d i n t h e r e p o r t ( s e e g e o l o g i c map i n p o c k e t ) . The s o u t h e r n 
bounda ry of t h e a r e a o v e r l a p s one s t u d i e d by C r i t t e n d e n , e t a l . , (1952) 
of t h e U. S . G e o l o g i c a l S u r v e y . E x c e p t f o r t h e town of P o r t e r v i l l e , 
U t a h , wh ich i s l o c a t e d i n t h e n o r t h w e s t c o r n e r of t h e a r e a , y e a r round 
h a b i t a t i o n of t h e a r e a i s l i m i t e d . Two r a n c h e s a r e s i t u a t e d a l o n g 
E a s t Canyon Creek i n t h e v i c i n i t y of Du tch Hol low and Monument C r e e k . 
A c c e s s t o t h e E a s t Canyon a r e a i s g a i n e d by U t a h Highway 65 
from E m i g r a t i o n Canyon o r P a r l e y s Canyon , and a l s o from H e n e f e r , o r 
by Utah Highway 66 t h r o u g h P o r t e r v i l l e . T r a i l s and p o o r J e e p r o a d s 
a s c e n d t h e t r i b u t a r y c a n y o n s . 
. 
Topography and d r a i n a g e 
E l e v a t i o n s i n t h e a r e a r a n g e from 8270 f e e t above s e a l e v e l 
a t P o r c u p i n e Peak t o l i t t l e more t h a n 5200 f e e t n e a r P o r t e r v i l l e i n 
t h e n o r t h w e s t c o r n e r of t h e a r e a . 
The g e n e r a l t o p o g r a p h y i s t h e r e s u l t of l a t e - y o u t h f u l d i s ­
s e c t i o n of an e x t e n s i v e ped imen t s u r f a c e of p r o b a b l e Miocene age 
( E a r d l e y , 1 9 5 2 , p . 5 9 ) . The a r e a i s d r a i n e d c h i e f l y by E a s t Canyon 
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Creek and t r i b u t a r i e s wh ich f low t o t h e n o r t h w e s t i n t o t h e Weber R i v e r . 
The s o u t h w e s t c o r n e r i s d r a i n e d by Moun ta in D e l l C reek w h i c h f lows 
s o u t h w e s t e r l y i n t o t h e Moun ta in D e l l R e s e r v o i r i n P a r l e y s Canyon. 
D i x i e Hol low Creek c a r r i e s t h e r u n - o f f from t h e n o r t h e a s t e r n p o r t i o n 
of t h e a r e a i n t o t h e Weber R i v e r n e a r H e n e f e r t o t h e n o r t h . 
C l i m a t e and n a t u r a l v e g e t a t i o n 
The c l i m a t i c v a r i a t i o n s common t o m o u n t a i n o u s r e g i o n s a r e 
dominan t i n t h e E a s t Canyon a r e a . The l o w e r e l e v a t i o n s have a BsK 
(Koppen c l i m a t i c c l a s s i f i c a t i o n ) c l i m a t e i n d i c a t e d by d a t a from a d j a ­
c e n t a r e a s . P r e c i p i t a t i o n r a n g e s from l e s s t h a n 20 i n c h e s p e r y e a r 
t o more t h a n 30 i n c h e s a t t h e h i g h e r e l e v a t i o n s . Most of t h e p r e c i p i ­
t a t i o n f a l l s d u r i n g t h e w i n t e r months a s snow which r e m a i n s on t h e 
n o r t h - f a c i n g s l o p e s u n t i l A p r i l o r May. 
The a r e a i s c o v e r e d w i t h many v a r i e t i e s of p l a n t s . A long t h e 
c r e e k s , w i l l o w s , f e r n s and dogwood t r e e s a b o u n d . The l o w e r h i l l s have 
a c l o a k of s a g e b r u s h , r a b b i t g r a s s , s m a l l c a c t i , s c r u b oak and d e c i d u ­
ous t r e e s . The m o u n t a i n s l o p e s have a p r o f u s i o n of w i l d f l o w e r s g rowing 
among g r o v e s of q u a k i n g a s p e n and p i n e . 
Wild l i f e p r e s e n t i n t h e a r e a i n c l u d e s p o r c u p i n e , d e e r , e l k , 
b a d g e r s , b o b c a t s and m o u n t a i n l i o n s . Many v a r i e t i e s of b i r d s a l s o 
i n h a b i t E a s t Canyon. 
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P u r p o s e and s c o p e 
The s t u d y of t h e E a s t Canyon a r e a was begun i n t h e e a r l y 
autumn of 1953 a t t h e s u g g e s t i o n of D r . A, J . E a r d l e y of t h e U n i v e r ­
s i t y of U t a h . P r e v i o u s work h a s b e e n done by t h e U n i v e r s i t y of Utah 
g e o l o g y d e p a r t m e n t i n t h e C o a l v i l l e and Hayden Peak q u a d r a n g l e s of t h e 
U i n t a Moun ta in a r e a , U t a h . At p r e s e n t , work i s b e i n g done i n t h e Mor­
gan V a l l e y and H u n t s v i l l e , U tah a r e a s i n t h e Wasa tch Moun ta in s ( S c h i c k 
and L o f g r e n , u n p u b l i s h e d ) . The E a s t Canyon a r e a was s t u d i e d i n an 
a t t e m p t t o b e t t e r u n d e r s t a n d t h e j u n c t i o n a r e a of t h e U i n t a and Wasa tch 
m o u n t a i n s . 
F i e l d work 
F i e l d work was s t a r t e d i n S e p t e m b e r , 1953 and c o n t i n u e d u n t i l 
e a r l y summer, 1954 . Mapping was done on U. S . S o i l C o n s e r v a t i o n S e r ­
v i c e a e r i a l p h o t o g r a p h s BPK 3-9 t o 3 - 1 8 , BPK 2 - 7 t o 2 - 1 7 , and BPK 6-52 
t o 6 - 6 1 . The g e o l o g y was p l o t t e d on t h e S o i l C o n s e r v a t i o n S e r v i c e 
p l a n i m e t r i c b a s e map # 5 8 . B r u n t o n and t a p e were u s e d t o measu re s e c ­
t i o n s i n t h e f i e l d . 
Land u t i l i z a t i o n 
Most of t h e l a n d of t h e E a s t Canyon a r e a i s p r i v a t e l y owned, 
b u t some s m a l l p o r t i o n s t o t h e s o u t h w e s t a r e i n c l u d e d i n t h e Wasa tch 
N a t i o n a l F o r e s t . C o n s i d e r a b l e amounts of g r a i n and a l f a l f a a r e c u l t i ­
v a t e d n e a r t h e E a s t Canyon R e s e r v o i r and t h r o u g h o u t t h e l e n g t h of 
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D i x i e Ho l low . The c h i e f economic a c t i v i t y a t t h e p r e s e n t t i m e i s t h e 
summer g r a z i n g of s h e e p . Of i m p o r t a n c e i s t h e E a s t Canyon R e s e r v o i r 
which i s m a i n t a i n e d by t h e Weber -Davis Cana l Company f o r i r r i g a t i o n 
p u r p o s e s . 
P r e v i o u s g e o l o g i c work 
The Wasa tch and U i n t a Moun ta ins g a i n e d a p r o m i n e n t p l a c e i n 
N o r t h Amer ican g e o l o g i c a l c i r c l e s a t an e a r l y d a t e . Among t h e f i r s t 
t o p u b l i s h were Powel l ( 1 8 7 8 ) , King ( 1 8 7 6 ) , and G i l b e r t ( 1 8 8 0 ) . The 
f i r s t t o c o n c e n t r a t e on t h e s p e c i f i c p rob lems were S c h n e i d e r (1930) 
and H i n t z e , F . F . (1913 and 1 9 3 4 ) . The c o m p l i c a t e d g e o l o g i c h i s t o r y 
l a t e r came u n d e r s c r u t i n y by E a r d l e y ( 1 9 3 0 , 1 9 4 4 , 1951) and W i l l i a m s , 
N. C. ( 1 9 5 2 ) . A number of t h e s e s have b e e n w r i t t e n on l o c a l p r o b l e m s 
of t h e U i n t a - W a s a t c h r e l a t i o n s h i p u n d e r t h e d i r e c t i o n of D r . W i l l i a m s . 
B e l l (1951) p u b l i s h e d on t h e F a r m i n g t o n Canyon complex wh ich l i e s im­
m e d i a t e l y w e s t of t h e a r e a , and C r i t t e n d e n , e t a l . , (1952) have mapped 
t h e c e n t r a l Wasa tch Moun ta ins i m m e d i a t e l y s o u t h of t h e a r e a . 
-
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GEOMORPHOLOGY 
Landforms 
The Wasa tch Mounta in r e l i e f i s g e n e r a l l y g r e a t e r t o t h e w e s t 
t h a n t o t h e e a s t n e a r t h e E a s t Canyon Creek h e a d w a t e r s . The e a s t e r n 
s l o p e of t h e Wasa tch r i d g e becomes s h a r p e r n o r t h w a r d a l o n g E a s t Canyon 
C r e e k . I n Morgan V a l l e y , where E a s t Canyon Creek e m p t i e s i n t o t h e 
Weber R i v e r , t h e e a s t e r n r e l i e f i s n e a r l y a s g r e a t a s t h e w e s t e r n . 
The E a s t Canyon a r e a i s p r e d o m i n a n t l y i n t h e l a t e y o u t h s t a g e 
of geomorph ic d e v e l o p m e n t . The u p l a n d s have been t o t a l l y d i s s e c t e d . 
The a r e a i s h i l l y and m o u n t a i n o u s , w e l l d r a i n e d , and h a s no w e l l d e ­
v e l o p e d f l o o d p l a i n s o r meander b e l t s . The s e d i m e n t s i n t h e s o u t h e r n 
p o r t i o n of t h e a r e a have e r o d e d d i f f e r e n t i a l l y t o form hogbacks and 
s t r i k e v a l l e y s . 
An e s c a r p m e n t f a c i n g e a s t e x t e n d s from n e a r B i g Mounta in i n 
t h e s o u t h e r n p a r t of t h e a r e a t o Croyden on t h e n o r t h ( s e e g e o l o g i c 
map i n p o c k e t ) . The c l i f f i s t h e r e s u l t of normal f a u l t i n g and h a s a 
maximum r e l i e f of n e a r l y 2000 f e e t n e a r E a s t Canyon R e s e r v o i r . L o c a l l y , 
r e s i s t a n t c o n g l o m e r a t e s have w e a t h e r e d i n t o p i n n a c l e s ( f i g u r e 2 ) , 
E r o s i o n s u r f a c e s 
Herd Moun ta in s u r f a c e : E a r d l e y (1944) d e s c r i b e d a n e r o s i o n 
s u r f a c e t h a t i s r e f l e c t e d i n t h e p l a t e a u - l i k e n a t u r e of t h e h i g h e r l e v e l s 
i n t h e n o r t h c e n t r a l W a s a t c h . The s u r f a c e was named t h e Herd Mounta in 
s u r f a c e and i s p r o b a b l y an e x t e n s i o n of t h e G i l b e r t Peak e r o s i o n 
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F i g u r e 1 . Herd Moun ta in e r o s i o n s u r f a c e e x p r e s s e d 
i n c o n s t a n t e l e v a t i o n s of d i s t a n t p e a k s 
n o r t h of E a s t Canyon a r e a 
F i g u r e 2 , P i n n a c l e of w e a t h e r e d K n i g h t f o r m a t i o n 
n e a r Redrock Canyon 
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s u r f a c e d e s c r i b e d by B r a d l e y ( 1 9 3 4 , 1 9 3 5 ) . I n t h e E a s t Canyon a r e a , 
t h e Herd Moun ta in s u r f a c e h a s b e e n a l m o s t e n t i r e l y e r o d e d away , b u t 
v iews of t h e even r i d g e c r e s t s t o t h e n o r t h s u g g e s t t h e fo rmer e x i s ­
t e n c e of t h e s u r f a c e ( f i g u r e 1 ) • 
Weber V a l l e y s u r f a c e : Weber V a l l e y i s b r o a d i n p l a c e s and 
f a i r l y e x t e n s i v e p e d i m e n t s a b o u t 100 f e e t above t h e p r e s e n t s t r e a m s a r e 
known a s t h e Weber V a l l e y s u r f a c e . The s u r f a c e r e p r e s e n t e d by t h e s e 
p e d i m e n t s was p r o b a b l y formed a f t e r r e j u v e n a t i o n of d r a i n a g e on t h e 
Herd Mounta in s u r f a c e . The r e g i o n was e l e v a t e d i n Miocene t i m e 
( E a r d l e y , 1952 , p . 5 9 ) • The weber V a l l e y s u r f a c e t h e n d e v e l o p e d . 
L a t e r u p l i f t h a s r e s u l t e d i n d i s s e c t i o n of t h e Weber V a l l e y s u r f a c e . 
R i v e r t e r r a c e s : G l a c i a t i o n h a s i n t e r r u p t e d t h e t r e n c h i n g of 
t h e Weber V a l l e y s u r f a c e by s u p p l y i n g a s u r p l u s of m a t e r i a l f o r t h e 
s t r e a m s t o c a r r y . The d e p o s i t i o n a s s o c i a t e d w i t h t h e g l a c i a l r u n - o f f 
a c c o u n t s f o r t h e r i v e r t e r r a c e d e p o s i t s be low t h e Weber V a l l e y s u r f a c e . 
The t e r r a c e s have b e e n d i s s e c t e d and i n many p l a c e s d e s t r o y e d , b u t 
some r e m n a n t s have b e e n l e f t p a r t i c u l a r l y i n t h e v i c i n i t y of Du tch 
Hollow ( s e e g e o l o g i c map i n p o c k e t ) . 
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STRATIGRAPHY 
G e n e r a l S t a t e m e n t 
S e d i m e n t a r y r o c k s p r e s e n t i n t h e E a s t Canyon a r e a r a n g e from 
J u r a s s i c t o P l i o c e n e (? ) and r e p r e s e n t s e v e r a l v a r i e d d e p o s i t i o n a l e n ­
v i r o n m e n t s . J u r a s s i c beds c r o p o u t i n a n o r t h e a s t t r e n d i n g s t r i k e 
v a l l e y t h a t i s p a r t i a l l y a r e s u l t of f a u l t i n g . Lower C r e t a c e o u s ( ? ) 
s e d i m e n t s a r e e x p o s e d i n t h e v i c i n i t y of u p p e r Mounta in D e l l C r e e k . 
Upper C r e t a c e o u s d e p o s i t s have been exposed a l o n g t h e s o u t h e r n p a r t of 
t h e a r e a . These b e d s p r o d u c e a s e r i e s of hogbacks and s t r i k e v a l l e y s 
t h a t e x t e n d from B i g Mounta in n e a r t h e w e s t e r n edge of t h e a r e a t o t h e 
h e a d w a t e r s of S c h u s t e r Creek n e a r t h e e a s t e r n bounda ry of t h e a r e a . 
P a l e o c e n e and Eocene r o c k s c r o p o u t o v e r most of t h e E a s t Canyon a r e a 
and g e n e r a l l y r e s t unconfo rmab ly on t h e o l d e r r o c k s . C l i g o c e n e t u f f a -
c e o u s r o c k s o c c u r a s a f i l l f o r a b a s i n i n t h e c e n t r a l p o r t i o n of t h e 
E a s t Canyon a r e a . P l i o c e n e (? ) r o c k s a r e p r e s e n t i n t h e form of s c a t ­
t e r e d r e m n a n t s of a f l a t - l y i n g f a n g l o m e r a t e c a p p i n g t h e h i l l s of t h e 
c e n t r a l b a s i n p o r t i o n of t h e E a s t Canyon a r e a . 
J u r a s s i c s y s t e m 
P r e u s s f o r m a t i o n : The P r e u s s f o r m a t i o n o u t c r o p s i n a s u b ­
s e q u e n t v a l l e y n e a r t h e E a s t Canyon R e s e r v o i r d a m s i t e . P r e u s s r o c k s 
a r e a l s o e x p o s e d i n t h e n o r t h e a s t p a r t of t h e E a s t Canyon a r e a , w e s t 
of D i x i e Hol low and n e a r t h e s o u t h e r n bounda ry of t h e a r e a i n Mounta in 
D e l l C r e e k . 
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The P r e u s s f o r m a t i o n of t h i s a r e a c o n s i s t s of d a r k r e d s a n d ­
s t o n e , s i l t s t o n e , and s h a l e ( f i g u r e 4 ) . The s a n d s t o n e b e d s a r e f r i a b l e , 
medium t o c o a r s e g r a i n e d and q u a r t z o s e . Some g r i t o c c u r s i n t h e lov/er 
b e d s . 
The l o w e s t b e d s e x p o s e d t e r m i n a t e a g a i n s t t h e E a s t Canyon 
f a u l t . The u p p e r beds have b e e n c o v e r e d uncon fo rmab ly by t h e l a t e r 
Norwood t u f f , and t h e r e f o r e t h e t o t a l t h i c k n e s s i s i n e x c e s s of 1200 
f e e t wh ich a p p r o a c h e s maximum f i g u r e s f o r t h e f o r m a t i o n g i v e n t o t h e 
s o u t h (A. L . B a k e r , 1 9 3 1 ) . P r o b a b l y t h e c o n t a c t w i t h t h e M o r r i s o n 
f o r m a t i o n i s u n d e r c o v e r of Norwood s e d i m e n t s . 
The P r e u s s f o r m a t i o n of t h e E a s t Canyon a r e a i s c o n s i d e r e d 
t h e a p p r o x i m a t e e q u i v a l e n t of t h e E n t r a d a f o r m a t i o n which o u t c r o p s i n 
t h e San R a f a e l S w e l l ( C r i t t e n d e n , e t a l . , 1 9 5 2 , p . 6 6 ) . The E n t r a d a 
l i e s be tween t h e Carmel and C u r t i s f o r m a t i o n s , ( G i l l u l y , 1 9 2 9 , p . 104) 
f o r which a J u r a s s i c age h a s b e e n a s s i g n e d . 
Upper J u r a s s i c ( M o r r i s o n f o r m a t i o n ) s e d i m e n t s a r e n o t e x ­
posed i n t h e E a s t Canyon a r e a . However , t h e M o r r i s o n f o r m a t i o n i s 
exposed i n r o a d c u t s i n n e a r b y E m i g r a t i o n Canyon ( C r i t t e n d e n , e t a l . , 
1 9 5 2 ) . 
C r e t a c e o u s s y s t e m 
K e l v i n f o r m a t i o n : Lower C r e t a c e o u s t i m e i s r e p r e s e n t e d by 
t h e K e l v i n f o r m a t i o n . I t s t y p e l o c a l i t y i s i n n e a r b y E m i g r a t i o n Canyon 
a t K e l v i n Grove (Mathews, 1 9 3 1 , p . 4 8 ) . The f o r m a t i o n c r o p s o u t i n t h e 
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F i g u r e 3 . M a s s i v e s a n d s t o n e hogback of t h e Wanship 
f o r m a t i o n i n u p p e r S c h u s t e r Creek 
BP '• v. 'J 
F i g u r e 4 , S a n d s t o n e of t h e P r e u s s f< 
E a s t Canyon R e s e r v o i r 
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i .  t r formation near 
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s o u t h w e s t e r n p a r t of t h e mapped a r e a i n t h e v i c i n i t y of u p p e r Mounta in 
D e l l C r e e k . The c o m p l e t e K e l v i n s e c t i o n i s n o t e x p o s e d h e r e , b u t C r i t ­
t e n d e n , e t a l . , (1952) g i v e t h e f i g u r e of 1500 f e e t a s maximum f o r t h i s 
u n i t i n P a r l e y s Canyon t o t h e s o u t h . 
The K e l v i n f o r m a t i o n c o n t a i n s c o n s i d e r a b l e amounts of conglom­
e r a t e i n K e l v i n G r o v e , b u t s a n d s and m u d s t o n e s p r e d o m i n a t e i n t h e E a s t 
Canyon a r e a . Smal l c o b b l e c o n g l o m e r a t e s a r e p r e s e n t and l o o s e l y cemented 
c o a r s e s a n d s a r e i n t e r b e d d e d . The c o l o r i s g e n e r a l l y r e d d i s h brov/n w i t h 
r e d sandy s h a l e a l s o p r e s e n t . 
E a r d l e y ( 1 9 5 1 , p , 275) h a s s u g g e s t e d a t i m e r e l a t i o n s h i p b e ­
tween t h e K e l v i n and t h e I n d i a n o l a g r o u p of c e n t r a l U t a h . The K e l v i n 
m i g h t a l s o be e q u i v a l e n t t o a l l o r p a r t of t h e G a n n e t t g r o u p of s o u t h ­
e a s t e r n I d a h o . The c o a r s e c o n g l o m e r a t e s i n E m i g r a t i o n Canyon i n d i c a t e 
s h a r p u p l i f t a t t h e t i m e i m m e d i a t e l y t o t h e w e s t . 
The K e l v i n f o r m a t i o n h a s b e e n t i l t e d s h a r p l y and deformed by 
f o l d i n g and f a u l t i n g . 
B a s a l K e l v i n r o c k s a r e n o t e x p o s e d . The C r e t a c e o u s F r o n t i e r 
f o r m a t i o n o v e r l i e s t h e K e l v i n f o r m a t i o n i n a c o n f o r m a b l e f a s h i o n s o u t h 
of t h e E a s t Canyon a r e a ( G r a n g e r , 1 9 5 3 , p . 4 ) . 
F r o n t i e r f o r m a t i o n ; The F r o n t i e r f o r m a t i o n was d e s c r i b e d by 
K n i g h t ( 1 9 0 2 , p . 7 2 1 ) . The t y p e s e c t i o n i s i n s o u t h w e s t e r n Wyoming 
n e a r t h e town of F r o n t i e r . 
The F r o n t i e r f o r m a t i o n c r e a t e s a s e r i e s of hogbacks and s t r i k e 
v a l l e y s i n t h e e x t r e m e s o u t h of t h e E a s t Canyon a r e a . I t i s e x p o s e d i n 
t h e v i c i n i t y of Mounta in D e l l C r e e k , L i t t l e H a t c h Canyon and P o r c u p i n e 
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Creek a s m a s s i v e s a n d s t o n e r i d g e s w i t h i n t e r b e d d e d s h a l e s and conglom­
e r a t e s . The u p p e r s a n d s t o n e s a r e m a s s i v e , w e a t h e r i n g w h i t e , and c o n ­
t a i n numerous f o s s i l s . The a u t h o r h a s c o l l e c t e d and i d e n t i f i e d s e v e r a l 
s p e c i e s w i t h h e l p from D r . W. L . S t o k e s . They a r e a s f o l l o w s : 
G y r o i d e s c o n r a d i 
G y r o i d e s d e p r e s s a 
P r i o n o c y c l u s wyomingens i s 
Mac t r a u t a h e n s i s 
Cardium s p . 
A n a t i n a l i n e a t a 
L i o p i s t h a c o n c e n t r i c a 
The F r o n t i e r f o r m a t i o n of t h i s a r e a h a s been measu red 
( G r a n g e r , 1 9 5 3 , p . 13) t o be 8724 f e e t . P l a t e I I (Cobban and R e e s i d e , 
1952) s u g g e s t s a t h i c k e n i n g of F r o n t i e r l i t h o l o g y wes tward and would 
a c c o u n t f o r t h e abnormal t h i c k n e s s i n E a s t Canyon. The t r a n s i t i o n t o 
d o m i n a n t l y n o n - m a r i n e s e d i m e n t s i s a l s o e x p r e s s e d by P l a t e I I . The 
F r o n t i e r s e a p r o b a b l y s h o r e d n e a r C o a l v i l l e , U tah t o t h e e a s t (Wood, 
1953) d u r i n g most of F r o n t i e r t i m e , e x p l a i n i n g t h e c o a l p r e s e n t i n t h a t 
v i c i n i t y and t h e a b s e n c e of l a g o o n a l f a c i e s i n t h e E a s t Canyon a r e a . 
The F r o n t i e r f o r m a t i o n was mapped by t h e 4 0 t h P a r a l l e l Su rvey 
i n 1871 when King c a l l e d i t Fox H i l l s b e c a u s e t h e l i t h o l o g y was s i m i l a r 
t o Fox K i l l s r o c k s e l s e w h e r e i n Wyoming. S t a n t o n ( 1 8 9 3 , p . 40) mapped 
t h e s e r i e s and d a t e d i t C o l o r a d o a n a t C o a l v i l l e and E a s t Canyon, U t a h . 
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Cobban and R e e s i d e have i n c l u d e d b e d s of H i l l i a r d age a s u p p e r F r o n t i e r 
and r e c o g n i z e t h e l o w e r F r o n t i e r beds of E a s t Canyon t o be a s o l d a s 
B e l l e F o u r c h e ( P l a t e I I ) . 
The F r o n t i e r f o r m a t i o n o v e r l i e s t h e K e l v i n f o r m a t i o n c o n ­
f o r m a b l y , a s f a r a s can be d i s c e r n e d . The Wanship f o r m a t i o n o v e r l i e s 
t h e F r o n t i e r w i t h a s l i g h t d i s c o r d a n c e . The a n g l e of d i s c o r d a n c e i n ­
c r e a s e s from 3 ° a t t h e e a s t e r n m a r g i n of t h e a r e a t o a b o u t 15° a t t h e 
w e s t e r n m a r g i n . 
Wanship f o r m a t i o n : The t e r m Wanship f o r m a t i o n was f i r s t 
a p p l i e d i n c o n n e c t i o n w i t h t h e g e o l o g i c s t u d i e s of t h e C o a l v i l l e q u a d ­
r a n g l e a r e a s u n d e r t a k e n by t h e U n i v e r s i t y of U t a h . The t y p e s e c t i o n i s 
a s e q u e n c e of g r a y and brown s a n d s t o n e s wh ich c r o p o u t s o u t h of C h e r r y 
Canyon n e a r W a n s h i p , U t a h . 
The Wanship f o r m a t i o n c r o p s o u t i n a b r o a d band t r e n d i n g e a s t 
n e a r t h e s o u t h e r n bounda ry of t h e E a s t Canyon a r e a . I t e x t e n d s from t h e 
h e a d w a t e r s of S c h u s t e r Creek t o t h e e a s t e r n s l o p e of Mounta in D e l l 
Canyon. 
The l i t h o l o g y of t h e Wanship f o r m a t i o n of t h e E a s t Canyon 
a r e a i s v a r i a b l e due t o t h e r a p i d t r a n s i t i o n from e a s t t o w e s t . Near 
t h e S c h u s t e r Creek h e a d w a t e r s , t h e f o r m a t i o n c o n t a i n s m a s s i v e , f r i a b l e , 
w h i t e t o t a n , f o s s i l i f e r o u s s a n d s t o n e s w i t h some c a r b o n a c e o u s m a t e r i a l 
( f i g u r e 3 ) . The b a s a l c o n g l o m e r a t e a t S c h u s t e r Creek i s a b o u t 500 f e e t 
t h i c k and n e a r E a s t Canyon Creek i t i s a b o u t 1400 f e e t t h i c k . S e v e r a l 
m i l e s f a r t h e r w e s t , n e a r C l e a r C r e e k , t h e Wanship f o r m a t i o n becomes 
a l m o s t e n t i r e l y c o n g l o m e r a t i c . C r i t t e n d e n , e t a l . , (1952) r e c o g n i z e d 
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no Wanship f o r m a t i o n i n mapping t h e a d j a c e n t a r e a t o t h e w e s t , b u t 
u s e d t h e t e r m " C r e t a c e o u s c o n g l o m e r a t e " f o r t h e i n t e r v a l . The a u t h o r 
measured a s e c t i o n e a s t of E a s t Canyon Creek n e a r Wi l low C r e e k . The 
s e c t i o n i s a s f o l l o w s : 
8 - C o n t a c t of Almy c o n g l o m e r a t e o v e r l y i n g u n c o n -
f o r m a b l y 
7 - S a n d s t o n e and c o n g l o m e r a t e , p e b b l e t o c o b b l e 
s i z e , r e d t o brown 2390» 
6 - C o n g l o m e r a t e , c o b b l e , has c o b b l e s of s a n d ­
s t o n e (60%) , q u a r t z i t e (15%) , P a l e o z o i c 
l i m e s t o n e (10%) 2582» 
5 - S a n d s t o n e , c o a r s e g r a i n e d , w h i t e t o g r a y 10» 
4 - S h a l e w i t h l i m e s t o n e , b e n t o n i t i c , r e d t o 
g r a y 1 * 
3 - L i m e s t o n e , c r y s t a l l i n e , g r a y w e a t h e r s w h i t e , 
l i m o n i t e c o n c r e t i o n s s p a r s e l y s c a t t e r e d 
t h r o u g h o u t 2 * 
2 - S a n d s t o n e , c o a r s e g r a i n e d , g r a y t o m o t t l e d 
c o l o r , t e n d i n g t o w a r d s graywacke 1 1 • 
1 - C o n g l o m e r a t e , b a s a l , p e b b l e t o c o b b l e s i z e 
w i t h i n t e r b e d d e d s a n d s t o n e s , c o a r s e g r a i n e d 
and 2 - 3 f e e t t h i c k , r e d d i s h c o l o r t h r o u g h o u t 1350* 
T o t a l 6346» 
Near C l e a r Creek t h e f o r m a t i o n h a s b e e n e r o d e d a t t h e u p p e r 
c o n t a c t and t h e c o m p l e t e t h i c k n e s s i s n o t a v a i l a b l e . However , an e x c e s s 
of 2500 f e e t of c o n g l o m e r a t e was o b s e r v e d n e a r L i t t l e H a t c h Canyon. 
P l a t e I I I shows t h e t h i c k e n i n g of t h e Wanship f o r m a t i o n a s w e l l a s t h e 
l i t h o l o g i c c h a n g e s e x p r e s s e d i n Wanship o u t c r o p s from e a s t t o w e s t . 
-
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The Wanship f o r m a t i o n c o n t a i n s r e m a i n s of I n o c e r a m u s 
umbonatus (? ) ( i d e n t i f i e d by D r . W. L. S t o k e s , U n i v e r s i t y of Utah) 
i n t h e v i c i n i t y of S c h u s t e r C r e e k . T h i s f o s s i l i s s u g g e s t i v e of Mon-
t a n a n t i m e . The f o s s i l a s s e m b l a g e c o l l e c t e d and i d e n t i f i e d by Lankfo rd 
( 1 9 5 2 , M.S. T h e s i s ) was i n t e r p r e t e d by him t o mark C r e t a c e o u s - T e r t i a r y 
age f o r t h e Wanship f o r m a t i o n . A U n i v e r s i t y of U tah s t u d e n t , W. S a d -
l i c k , found a d i n o s a u r u n g a l i n t h e f o r m a t i o n and t h i s p l u s Inoce ramus 
l e d S t a r k ( 1 9 5 3 , M.S. T h e s i s ) t o a d v o c a t e a Montanan a g e . More s t u d y 
i s needed t o a s c e r t a i n an e x a c t a g e . 
The Wanship f o r m a t i o n i s , i n p a r t , a c o r r e l a t i v e of t h e 
H e n e f e r f o r m a t i o n a s named and d e s c r i b e d by E a r d l e y ( 1 9 4 4 , p . 8 4 0 ) . 
The H e n e f e r f o r m a t i o n was b e l i e v e d by E a r d l e y t o be e q u i v a l e n t t o a l l 
o r p a r t of t h e H i l l i a r d , A d a v i l l e , and E v a n s t o n f o r m a t i o n s , b u t l a t e r 
found t h e u p p e r p a r t of t h e H e n e f e r t o be e q u i v a l e n t t o l o w e r Almy 
( E a r d l e y , 1 9 5 1 ) . The Wanship would t h u s be pre-Almy i n a g e . 
The Montanan P r i c e R i v e r f o r m a t i o n of t h e Wasa tch P l a t e a u 
r e g i o n ( S p i e k e r , 1946) i s p o s s i b l y r e l a t e d t o t h e Wanship f o r m a t i o n . 
B o t h have t e n t a t i v e l y been p l a c e d i n t h e Montanan e p o c h , and t h i c k e n 
g r e a t l y w e s t w a r d . The P r i c e R i v e r i s e s s e n t i a l l y a l l c o n g l o m e r a t e 
n e a r W a l e s , U tah and t h u s i s s i m i l a r t o t h e Wanship s e c t i o n of c o n ­
g l o m e r a t e n e a r Moun ta in D e l l Canyon ( P l a t e I I I ) . 
The Wanship f o r m a t i o n o v e r l i e s t h e F r o n t i e r f o r m a t i o n u n c o n -
for raably a s p r e v i o u s l y n o t e d . The u p p e r Wanship c o n t a c t i s d e c i d e d l y 
one of b e v e l e d b e d s w i t h t h e o v e r l y i n g Almy making an a n g l e of a b o u t 
4 0 ° w i t h t h e Wanship a t S c h u s t e r C r e e k , 
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T e r t i a r y s y s t e m 
Almy f o r m a t i o n : The Almy f o r m a t i o n was named f o r e x p o s u r e s 
of c o n g l o m e r a t e and s a n d s t o n e n e a r Almy, Wyoming. The c o n g l o m e r a t e , 
p r e v i o u s l y c a l l e d Wasa tch by Hayden i n 1 8 6 9 , was d e s i g n a t e d a s a member 
of t h e Wasa tch g r o u p by V e a t c h ( 1 9 0 7 , p . 8 9 ) . 
The f o r m a t i o n i s e x p o s e d i m m e d i a t e l y w e s t of t h e E a s t Canyon 
d a m s i t e , n e a r B i g M o u n t a i n , and a c r o s s t h e a r e a from C l e a r Creek t o 
S c h u s t e r C r e e k . I t s r e s i s t a n t n a t u r e h a s r e s u l t e d i n h i g h m o u n t a i n s 
and e s c a r p m e n t s ( f i g u r e 6 ) . 
The Almy c o n s i s t s of a n g u l a r t o s u b a n g u l a r b o u l d e r and c o b ­
b l e c o n g l o m e r a t e . B o u l d e r s of q u a r t z i t e , m e t a q u a r t z i t e , and l i m e s t o n e 
c o n t a i n i n g P a l e o z o i c f o s s i l f r a g m e n t s a r e a b u n d a n t , w h i l e s a n d s t o n e 
b o u l d e r s a r e s c a r c e . The m a t r i x of t h e c o n g l o m e r a t e i s u s u a l l y s a n d ­
s t o n e and m u d s t o n e , i m p a r t i n g a brown t o r e d - b r o w n c o l o r t o t h e f o r m a t i o n . 
A s e c t i o n of Almy 4200 f e e t t h i c k was measured i n E a s t Canyon 
Creek n e a r S c h u s t e r C r e e k , b u t t h e e n t i r e f o r m a t i o n i s n o t e x p o s e d . 
The g r e a t t h i c k n e s s s u g g e s t s p r o x i m i t y t o t h e s o u r c e a r e a . 
The c o n g l o m e r a t e e x p o s e d i n t h e E a s t Canyon a r e a i s s i m i l a r 
t o t h e Almy c o n g l o m e r a t e of t h e t y p e a r e a . E a r d l e y ( 1 9 4 4 , p . 842) c o r ­
r e l a t e d t h e two . Gaz in c o l l e c t e d a p r i m a t e ( P l e s i a d a p i s ) from t h e Almy 
a l o n g LaBarge Creek n e a r Green R i v e r , Wyoming. Almy b e d s l a t e r y i e l d e d 
a Coryphodon s k u l l and E o h i p p u s j a w . These f i n d s i n d i c a t e a C l a r k -
f o r k i a n age ( G a z i n , 1 9 4 2 ) . 
The Almy f o r m a t i o n i s u n d e r l a i n by t h e C r e t a c e o u s Wanship 
f o r m a t i o n i n a d i s c o r d a n t m a n a e r . A n g u l a r d i s c o r d a n c e of 4 0 ° i s p r e s e n t 
- -
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b e t w e e n t h e two f o r m a t i o n s . The Fowkes f o r m a t i o n of P a l e o c e n e ( ? ) 
age seems c o n f o r m a b l e on t h e Almy n e a r t h e E a s t Canyon c l a m s i t e , b u t 
i t i s a b s e n t n e a r B i g Moun ta in and L i t t l e E m i g r a t i o n Canyon where t h e 
Eocene K n i g h t f o r m a t i o n o v e r l i e s t h e Almy u n c o n f o r m a b l y . 
Fowkes f o r m a t i o n : The Fowkes f o r m a t i o n was d e s c r i b e d by 
V e a t c h (1907) a s a member of t h e Wasa tch g r o u p . Near i t s t y p e a r e a t h e 
f o r m a t i o n c o n s i s t s of r h y o l i t i c s a n d s , t u f f a c e o u s m a t e r i a l i n t e r b e d d e d 
w i t h f r e s h w a t e r l i m e s t o n e s and o t h e r l a c u s t r i n e b e d s . I n E a s t Canyon 
i t c r o p s o u t n e a r Tucson Hol low i n a n a r r o w band n o r t h w e s t from t h e E a s t 
Canyon R e s e r v o i r . The e x p o s u r e s u s u a l l y e r o d e i n t o a s u b s e q u e n t v a l l e y 
( f i g u r e 5 ) . 
The Fowkes f o r m a t i o n c o n t a i n s s a n d s t o n e and pea c o n g l o m e r a t e . 
I t h a s t h i n bedded c a r b o n a c e o u s s h a l e s and some f r e s h w a t e r l i m e s t o n e . 
T u f f a c e o u s b e d s c r o p o u t l o c a l l y . 
The Fowkes i s c o n s i d e r e d t o be a s e r i e s of l o c a l r i v e r f l o o d 
p l a i n and l a k e b e d s ( E a r d l e y , p e r s o n a l c o m m u n i c a t i o n ) . The l e n t i c u l a r 
n a t u r e of t h e f o r m a t i o n h a s b e e n d e s c r i b e d by V e a t c h ( 1 9 0 7 ) . I n t h e 
Tucson Hol low v i c i n i t y i t i s 828 t f e e t t h i c k . T h i s t h i c k n e s s i s g r e a t e r 
t h a n mos t o u t c r o p s of t h e Fowkes f o r m a t i o n . A measu red s e c t i o n i s a s 
f o l l o w s : 
8 - S a n d s t o n e , m a s s i v e , medium g r a i n e d , w h i t e 
t o g r a y i n c o l o r , forms s m a l l d i s i n t e g r a t i n g 
c l i f f 15» 
7 - S a n d s t o n e and s i l t s t o n e , b l u e t o w h i t e i n 
c o l o r , n o n - r e s i s t a n t , v e g e t a t i v e c o v e r 4 8 ' 
6 - S h a l e and l i m e s t o n e , i m p u r e , c a r b o n a c e o u s 
and s p o t t y f o s s i l i f e r o u s n a t u r e , g r a y t o 
b l u e - g r a y w i t h few b l a c k s h a l e s 78» 
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5 - S a n d s t o n e , m a s s i v e , f i n e g r a i n e d , v e r y 
r e s i s t a n t , w h i t e i n c o l o r 3« 
4 S a n d s t o n e , r u s t t o b rown , e x t r e m e l y f r i a b l e , 
i n t e r b e d d e d w i t h s h a l e s and l o o s e l y c o n ­
s o l i d a t e d p e a c o n g l o m e r a t e s 1 1 6 ' 
3 S h a l e , g r a y t o g r e e n , w i t h i n t e r c a l a t e d 
s a n d s t o n e , v e r y c a l c a r e o u s , u s u a l l y s o i l 
c o v e r e d 115« 
2 S a n d s t o n e , c o a r s e g r a i n e d , f r i a b l e , w h i t e 
w e a t h e r s r u s t , s o i l c o v e r e d t o a g r e a t e x t e n t 1 3 0 ' 
1 S h a l e , g r a y t o g r e e n , w i t h i n t e r b e d d e d 
graywacke 123« 
Below t h i s t h e r e a p p e a r s t o be a p p r o x i m a t e l y 
200 f e e t of s o i l - c o v e r e d m a t e r i a l t h a t i s most 
p r o b a b l y Fowkes a l t h o u g h t h i s c o n t a c t i s u n ­
c e r t a i n . T h i s t h i c k n e s s i s d e r i v e d from p r o ­
j e c t i n g d i p s of t h e Almy f o r m a t i o n beds i n t o 
a l l u v i u m c o v e r e d s l o p e s 2 0 0 ' 
T o t a l 8 2 8 ' -
P l a n t f o s s i l s found i n zone 6 above have b e e n i d e n t i f i e d by 
D r . R. W. Brown of t h e U. S . N a t i o n a l Museum a s t h e c o n i f e r M e t a s e q u o i a 
o c c i d e n t a l i s (Newberry Chaney) and t h e b r o a d - l e a f e d d i c o t y l e d o n 
Eocene t i m e b o u n d a r y and a r e u n d i a g n o s t i c of s p e c i f i c t i m e d e s i g n a t i o n . 
The Fowkes f o r m a t i o n i s o v e r l a i n c o n f o r m a b l y by t h e K n i g h t 
f o r m a t i o n i n E a s t Canyon n o r t h w e s t from t h e r e s e r v o i r . 
K n i g h t f o r m a t i o n : The h i g h e s t u n i t of t h e Wasa tch g roup d e ­
s c r i b e d i n V e a t c h * s r e p o r t (1907) i s t h e K n i g h t f o r m a t i o n . The t y p e 
s e c t i o n i s n e a r Kn igh t S t a t i o n , Wyoming. The Kn igh t o u t c r o p s i n much 
of t h e E a s t Canyon a r e a a s an o v e r l y i n g " b l a n k e t " c o v e r of t h e o l d e r 
f o r m a t i o n s . Good e x p o s u r e s a r e p r e s e n t i n Sheep Canyon, P r i e s t H o l l o w , 
P t e r o s p e r m i t e s s p . ( f i g u r e 8 ) . Bo th s p e c i e s c r o s s t h e P a l e o c e n e 
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F i g u r e 5 . S u b s e q u e n t v a l l e y r e s u l t i n g from w e a t h e r i n g 
of Fowkes f o r m a t i o n . The e x p o s u r e i s n e a r 
E a s t Canyon R e s e r v o i r 
F i g u r e 6 . V e r t i c a l c o n g l o m e r a t e b e d s of t h e Almy 
f o r m a t i o n n o r t h of E a s t Canyon R e s e r v o i r 
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F i g u r e 7, H e t e r o g e n e o u s c o b b l e s i n c h a r a c t e r i s t i c a l l y 
w e a t h e r e d K n i g h t f o r m a t i o n f r agmen t 
F i g u r e 8 . F o s s i l l e a f ( P t e r o s p e r m i t e s » p . ) from 
l i m e s t o n e bed i n Fowkes f o r m a t i o n . The 
s p e c i m e n was i d e n t i f i e d by D r . Ro land W. 
Brown of t h e U. S, N a t i o n a l Museum 
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Red Rock Canyon, T a y l o r Hollow and Du tch Ho l low . The h i g h e r m o u n t a i n s 
n e a r L i t t l e E m i g r a t i o n Canyon a r e capped by t h e r e l a t i v e l y f l a t - l y i n g 
c o n g l o m e r a t e . 
I n t h e E a s t Canyon a r e a t h e K n i g h t f o r m a t i o n h a s a l t e r n a t i n g 
beds of m a s s i v e s a n d s t o n e o r g r i t and c o n g l o m e r a t e . The p h e n o c l a s t s 
of t h e c o n g l o m e r a t e r a n g e i n s i z e from p e b b l e s t o b o u l d e r s . Many a r e 
q u a r t z i t e s and g n e i s s e s ( f i g u r e 7 ) • Some l i m e s t o n e f r a g m e n t s a r e p r e s e n t 
b u t n o t a s a b u n d a n t l y a s i n t h e Almy c o n g l o m e r a t e . The s a n d s t o n e s of 
t h e f o r m a t i o n a r e m a s s i v e , medium t o c o a r s e g r a i n e d , and p o o r l y s o r t e d . 
The e x p o s u r e s of t h e K n i g h t f o r m a t i o n i n l o w e r E a s t Canyon 
r e v e a l a t h i c k n e s s i n e x c e s s of 5000 f e e t . The f o r m a t i o n was d e p o s i t e d 
on a s u r f a c e of s t r o n g r e l i e f l e a v i n g v a r i a t i o n s i n t h i c k n e s s , b u t a 
g r a d u a l o v e r a l l i n c r e a s e i s n o t e d w e s t w a r d . A w e s t e r n h i g h l a n d s u p p l i e d 
t h e s o u r c e m a t e r i a l f o r t h i s f o r m a t i o n . 
The K n i g h t f o r m a t i o n of t h e E a s t Canyon a r e a h a s b e e n p r o ­
v i s i o n a l l y c o r r e l a t e d w i t h t h e K n i g h t f o r m a t i o n of Wyoming ( E a r d l e y , 
1 9 4 4 , p . 8 4 4 ) . C. Lewis Gaz in (1952) a s s i g n e d a W a s a t c h i a n age on t h e 
b a s i s of Coryphododon r a d i a n s and Eoh ippus i n d e x d i s c o v e r e d i n t h e 
v i c i n i t y of Dry P i n e y C r e e k , Wyoming. 
F o s s i l s have n o t b e e n found i n t h e K n i g h t f o r m a t i o n i n E a s t 
Canyon. 
The Kn igh t f o r m a t i o n o v e r l i e s a l l t h e r o c k s t h a t c r o p o u t i n 
t h e E a s t Canyon a r e a from t h e C r e t a c e o u s F r o n t i e r f o r m a t i o n t o t h e T e r ­
t i a r y Fowkes f o r m a t i o n . The a n g u l a r i t y a t t h e c o n t a c t r a n g e s from 1 3 ° 
t o 8 0 ° . The K n i g h t r e s t s con fo rmab ly on t h e Fowkes f o r m a t i o n i n t h e 
l o w e r E a s t Canyon Creek v i c i n i t y . The o v e r l y i n g Norwood f o r m a t i o n r e s t s 
   l        
 i  i r t        flat-lying
 
      t t   alternatin
       t   p
  r t         ar
    ).  t   r
t   tl         
 t       ,   sorte .
    t t    t 
l       t  de t
    f      
l ll       su
  t ri l   for tio .
 t t    t     -
l      t   ( r l ,
       t i    t
         t
i     , 
i         t   
 
 t t         i
       ti r t    -
  .  l ri    t   0 
 0 •  t  l       t
 t        re ts
- 1 8 -
u n c o n f o r m a b l y on t h e Kn igh t i n t h e v i c i n i t y of S o u t h Norwood Canyon 
b u t r e s t s c o n f o r m a b l y n e a r L i t t l e E m i g r a t i o n Canyon. Much of t h e 
K n i g h t i s e x p o s e d t o a c t i v e e r o s i o n . 
Norwood t u f f : E a r d l e y (1944) d e s c r i b e d and p r o p o s e d t h e 
name "Norwood t u f f " f o r t h e s e r i e s of w h i t e t o g r a y , t u f f a c e o u s , r h y o -
l i t i c s a n d s and s h a l e s t h a t c r o p o u t i n Norwood Canyon n o r t h of P o r t e r -
v i l l e . 
The Norwood t u f f c r o p s o u t i n a s u b c i r c u l a r p a t t e r n n e a r t h e 
c e n t e r of t h e E a s t Canyon a r e a . L i t t l e Du tch Hollow i s f i l l e d w i t h 
t u f f a c e o u s s e d i m e n t s which e x t e n d n o r t h t o T a y l o r Hollow and i n t o 
D i x i e Hollow where e x t e n s i v e o u t c r o p s a r e e v i d e n t . 
The Norwood r a n g e s i n t h i c k n e s s from a few t e n s of f e e t n e a r 
L i t t l e Du tch Hol low up t o s e v e r a l hundred f e e t i n t h e D i x i e Hol low 
v i c i n i t y . An a v e r a g e t h i c k n e s s of 20ot f e e t would a p p r o x i m a t e t h e 
a c t u a l t h i c k n e s s i n most p l a c e s . 
The Norwood i s g e n e r a l l y t u f f a c e o u s . I n t h e E a s t Canyon a r e a , 
s h a l e s , s a n d s t o n e s and c o n g l o m e r a t e s a r e p r e s e n t . The t u f f r a n g e s 
from f i n e g r a i n e d , w e l l s o r t e d , w h i t e c a l c a r e o u s s a n d s t o n e s , t o c o a r s e 
g r a i n e d , p o o r l y s o r t e d , g r a y t o b l a c k - f l e c k e d , s i l i c e o u s s a n d s t o n e s . 
The s h a l e s a r e g r a y t o g r e e n , w i t h l o c a l c a r b o n a c e o u s m a t t e r and l i m i t e d 
i n e x t e n t . B e n t o n i t i c c l a y s a r e l o c a l l y p r e s e n t ( f i g u r e 1 0 ) . Near 
E a s t Canyon R e s e r v o i r o u t c r o p s of p e b b l e c o n g l o m e r a t e s a r e i n t e r b e d d e d . 
Most of t h e p e b b l e s a r e r h y o l i t i c o r a n d e s i t i c v o l c a n i c s t h a t have b e e n 
w a t e r - r o u n d e d . Cobble s i z e d c o n g l o m e r a t e s e x i s t l o c a l l y . 
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The Peoa t u f f ( W i l l i a m s , 1950) i s p r o v i s i o n a l l y c o r r e l a t e d 
t o t h e Norwood. The a b s e n c e of o t h e r c o r r e l a t e beds makes l a t e r a l 
t r a c i n g d i f f i c u l t . T i t a n o t h e r e r e m a i n s found by D r . E a r d l e y have been 
compared w i t h t h e Whi te R i v e r O l i g o c e n e f auna of t h e " P l a i n s " a r e a . 
The O l i g o c e n e age d e s i g n a t i o n h a s t h u s b e e n made. F o s s i l f i n d s a r e l i m i 
t e d t o t h e genus of f r e s h w a t e r g a s t r o p o d s , P l a n o r b i s , i n t h e E a s t Can­
yon a r e a . The Norwood t u f f r e s t s on t h e Kn igh t f o r m a t i o n . The s e d i ­
ments were a p p a r e n t l y d e p o s i t e d a s an O l i g o c e n e v a l l e y f i l l . Much of 
t h e m a t e r i a l was d e r i v e d from v o l c a n i s m t h a t b r o k e o u t d u r i n g t h a t 
t i m e i n t h e Pa rk C i t y v o l c a n i c f i e l d ( E a r d l e y , 1 9 4 4 ) . 
P l i o c e n e (?) f a n g l o m e r a t e : Ben E . L o f g r e n ( p e r s o n a l com­
m u n i c a t i o n ) h a s r e c o g n i z e d a f a n g l o m e r a t e o v e r l y i n g t h e Norwood t u f f 
i n t h e H u n t s v i l l e , Utah a r e a . A name ha.s n o t y e t been p r o p o s e d f o r 
t h e f o r m a t i o n which seems t o be of P l i o c e n e (?) a g e . 
The P l i o c e n e (? ) f a n g l o m e r a t e i s exposed a s a c ap r o c k f o r 
t h e h i g h e r h i l l s i n t h e Norwood t u f f o u t c r o p a r e a . L a r g e a r e a s of 
e x p o s u r e o c c u r n e a r Monument C r e e k . 
The f a n g l o m e r a t e c o n s i s t s c h i e f l y of l o o s e l y c o n s o l i d a t e d , 
s u b - r o u n d e d b o u l d e r s , c o b b l e s , and p e b b l e s ( f i g u r e 9 ) . S a n d s t o n e 
c o b b l e s a r e numerous and some q u a r t z i t e , P a l e o z o i c l i m e s t o n e , and m e t a -
m o r p h i c s c h i s t s and g n e i s s e s a l s o a p p e a r . The m a t r i x i s a r e d d i s h 
o r a n g e , l o o s e l y c o m p a c t e d , p o o r l y s o r t e d s a n d . 
The t h i c k n e s s i s n o t f u l l y exposed i n t h e E a s t Canyon a r e a , 
b u t i s p r o b a b l y l e s s t h a n 120 f e e t . 
C o r r e l a t i o n of t h e P l i o c e n e (?) f a n g l o m e r a t e i s d i f f i c u l t . 
No l a t e r a l c o n t i n u i t y i s e x i s t e n t e x c e p t t o t h e n o r t h where e v i d e n c e 
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F i g u r e 1 0 . C o n g l o m e r a t e and b e n t o n i t i c s h a l e i n 
t h e Norwood t u f f n e a r D u t c h Hollow 
Figure 9. Pliocene (1) fanglomerate near Little 
Dutch Hollow 
Figure 10. Conglomerate and bentonitic shale in 
the Norwo d tuff near Dut ch Hollow 
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of t h e f o r m a t i o n e x i s t s i n Morgan V a l l e y and t h e H u n t s v i l l e a r e a . 
The f o r m a t i o n i s t h e uppe rmos t l i t h o l o g i c u n i t exposed i n 
most p l a c e s . The f a n g l o m e r a t e r e s t s w i t h a p p a r e n t c o n f o r m i t y on t h e 
Norwood t u f f i n t h e l o c a l i t i e s e x a m i n e d , b u t i n Morgan V a l l e y i t i s 
s t r i k i n g l y d i s c o r d a n t w i t h t h e u n d e r l y i n g t u f f . 
Q u a t e r n a r y s y s t e m 
Q u a t e r n a r y ( ? ) t e r r a c e g r a v e l s : S t r e a m t e r r a c e g r a v e l s a r e 
exposed i n t h e E a s t Canyon Creek c h a n n e l n e a r Du tch Hol low and S c h u s t e r 
C r e e k . The d e p o s i t s a r e r e m n a n t s of an o l d e r s t r e a m p r o f i l e . The s t r e a m 
g r a v e l s c o n s i s t of l o o s e l y c o n s o l i d a t e d , s u b a n g u l a r b o u l d e r s and c o b b l e s . 
Coa r se s a n d and s i l t form a m a t r i x i n t h e p o o r l y s o r t e d d e p o s i t s . 
The t e r r a c e g r a v e l s r a n g e from a few t o f i f t y f e e t i n t h i c k ­
n e s s and were d e p o s i t e d on an i r r e g u l a r e r o s i o n s u r f a c e . The g r a v e l s 
a t one t i m e f i l l e d t h e v a l l e y of E a s t Canyon Creek b u t s u b s e q u e n t u p l i f t 
and a c t i v e e r o s i o n has c a r r i e d much of t h e m a t e r i a l away. 
The t e r r a c e g r a v e l s o v e r l i e t h e K n i g h t , Almy and Wanship 
f o r m a t i o n s u n c o n f o r m a b l y . The b o u l d e r s and c o b b l e s i n d i c a t e an o r i g i n 
from t h e c o n g l o m e r a t e b e d s of t h e s e f o r m a t i o n s . 
I g n e o u s r o c k s 
S c a t t e r e d v o l c a n i c b r e c c i a c o n e s a s s o c i a t e d w i t h t h e Norwood 
t u f f o c c u r i n t h e E a s t Canyon a r e a . T h r e e cones a r e p r e s e n t i n t h e 
a r e a of t h e Norwood o u t c r o p and two a r e p r e s e n t i n t h e a r e a of Wan­
s h i p o u t c r o p . A t h i n s e c t i o n s t u d y of t h e b r e c c i a i n d i c a t e s an 
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a n d e s i t i c c o m p o s i t i o n . E u h e d r a l h o r n b l e n d e and a v a r i e t y of mica 
c r y s t a l s a r e s c a t t e r e d t h r o u g h o u t t h e r o c k . 
The a n d e s i t i c b r e c c i a s a r e p r o b a b l y a s s o c i a t e d w i t h t h e 
P a r k C i t y v o l c a n i s m . When t h e v o l c a n i s m was i n p r o g r e s s , g r e a t amounts 
of d e b r i s choked t h e d r a i n a g e of t h e E a s t Canyon a r e a ( E a r d l e y , 1 9 5 2 , 
p . 5 9 ) • A d d i t i o n a l v o l c a n i c a c t i v i t y a t t h i s t i m e a c c o u n t s f o r t h e 
E a s t Canyon b r e c c i a s . 
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COLUMNAR STRATIGRAPHIC SECTION OF SEDIMENTS EXPOSED 
In the 
EAST CANYON AREA 
STRUCTURE 
G e n e r a l s t a t e m e n t 
G e o l o g i s t s have f o c u s e d a t t e n t i o n on t h e Wasa tch Mounta ins 
f o r many y e a r s and have c o n c l u d e d t h a t a number of d i s t u r b a n c e s d u r i n g 
l a t e Mesozo ic and C e n o z o i c t i m e have a f f e c t e d t h e r e g i o n . The s t r u c ­
t u r a l c o m p l e x i t y t h a t h a s r e s u l t e d i s w e l l e x p o s e d i n t h e E a s t Canyon 
a r e a . 
S e v e r a l f o l d s have a n o r t h e a s t t r e n d i n t h e s o u t h e r n p o r t i o n 
of t h e a r e a and a ma jo r f a u l t of l a t e r age t r a v e r s e s t h e a r e a from n o r t h 
t o s o u t h . The younge r s t r u c t u r e s g e n e r a l l y have a more n o r t h e r l y 
a l i g n m e n t and a r e l i t t l e i n f l u e n c e d by t h e o l d e r t r e n d s . 
F a u l t s 
L i t t l e Moun ta in r e v e r s e f a u l t : S h a r p and G r a n g e r ( C r i t t e n ­
d e n , e t a l . , 1952) mapped a h i g h a n g l e r e v e r s e f a u l t s o u t h of t h e E a s t 
Canyon a r e a t h a t e x t e n d s from t h e Wasa tch f r o n t , t h r o u g h E m i g r a t i o n 
Canyon, and i n t o Mounta in D e l l Canyon n e a r B i g M o u n t a i n . The f a u l t 
t r a c e c o n t i n u e s i n t o t h e E a s t Canyon a r e a ( s e e g e o l o g i c map i n p o c k e t ) 
and r u n s a l o n g t h e b a s e of an e s c a r p m e n t t o t h e v i c i n i t y of E a s t Can­
yon R e s e r v o i r where i t i s w e l l e x p o s e d . The t r a c e f o l l o w s t h e e s c a r p ­
ment t o a p o i n t n e a r C r o y d e n , U t a h , n o r t h of t h e a r e a . 
The f a u l t h a s d i s p l a c e d beds of t h e P r e u s s , W a n s h i p , Almy 
and Fowkes f o r m a t i o n s . The t o t a l d i s p l a c e m e n t i s more t h a n 5500 f e e t 
n e a r E a s t Canyon R e s e r v o i r . I t o c c u r r e d p r i o r t o Kn igh t d e p o s i t i o n 
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( P l a t e V ) . Movement of t h e f a u l t was p r o b a b l y i n i t i a t e d by t h e 
m i d d l e La ramide o r o g e n y . The e a s t s i d e of t h e f a u l t was u p t h r o w n , 
and t h e Almy c o n g l o m e r a t e on t h e downthrown w e s t s i d e was d r a g g e d 
upward c o n s p i c u o u s l y . 
E a s t Canyon f a u l t : The L i t t l e Mounta in r e v e r s e f a u l t move­
ment was a zone of weakness i n t h e Fowkes and o l d e r f o r m a t i o n s . L a t e r 
f o r c e s c a u s e d t h e zone t o y i e l d a g a i n a l o n g t h e p l a n e of t h e o l d e r 
f a u l t b u t i n t h e o p p o s i t e d i r e c t i o n ( P l a t e V ) . The new movement i s 
h e r e c a l l e d t h e E a s t Canyon f a u l t . 
The E a s t Canyon f a u l t d i s p l a c e d t h e Norwood t u f f beds down 
a g a i n s t Almy, Fowkes and K n i g h t beds n e a r Monument Creek and L i t t l e 
Du tch Hol low ( s e e g e o l o g i c map i n p o c k e t ) . I n t h e v i c i n i t y of E a s t 
Canyon R e s e r v o i r t h e P r e u s s beds t h a t we re r e s t i n g a g a i n s t t h e u p t u r n e d 
Almy b e d s a r e f a u l t e d down, t h u s c a u s i n g much b r e c c i a t i o n i n t h e P r e u s s 
beds ( f i g u r e 4 ) . 
The up th rown b l o c k on t h e w e s t l e f t an e s c a r p m e n t o v e r 1500 
f e e t h i g h n e a r Monument Creek and t r i a n g u l a r f a c e t s on t r u n c a t e d s p u r s 
a r e w e l l d e v e l o p e d a l o n g t h e e s c a r p m e n t . D e p o s i t s of t r a v e r t i n e have 
a c c u m u l a t e d a l o n g t h e f a u l t where i t c r o s s e s L i t t l e Du tch Ho l low. 
The major f a u l t b r e a k s i n t o s e v e r a l s m a l l b r a n c h e s where i t 
c r o s s e s t h e Morgan-Summit County l i n e , and a l s o n e a r B i g M o u n t a i n . 
The E a s t Canyon f a u l t d i e s s o u t h of B i g Moun ta in where d i s p l a c e m e n t 
h a s been o n l y i n t h e r e v e r s e d i r e c t i o n a l o n g t h e L i t t l e Mounta in 
r e v e r s e f a u l t . 
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P L A T E V 
Warping, deep erosion and 
deposition of Norwood tuff. 
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The E a s t Canyon f a u l t and b r a n c h e s of i t b e l o n g t o a p e r i o d 
of d e f o r m a t i o n i n i t i a t e d a f t e r d e p o s i t i o n of t h e Norwood t u f f . The 
f a u l t i n g i s p r o b a b l y r e l a t e d t o B a s i n and Range f a u l t i n g of r e g i o n s 
t o t h e w e s t of t h e E a s t Canyon a r e a , b u t i s e a r l i e r t h a n t h e P l i o ­
cene (? ) f a n g l o m e r a t e . T h i s age of f a u l t i n g i s p r o p o s e d b e c a u s e t h e 
P l i o c e n e ( ? ) f a n g l o m e r a t e seems t o have been e r o d e d from t h e e s c a r p ­
ment of t h e f a u l t n e a r Monument C r e e k . 
L i t t l e E a s t Canyon f a u l t : Near t h e n o r t h e r n b o u n d a r y of t h e 
a r e a K n i g h t b e d s have b e e n d i s p l a c e d a g a i n s t t h e Fowkes f o r m a t i o n and 
t h e f a u l t i s h e r e d e s i g n a t e d t h e L i t t l e E a s t Canyon f a u l t . I t s t r i k e s 
n o r t h 3 0 ° w e s t and h a s t h e up th rown b l o c k t o t h e s o u t h . D i a g o n a l 
s l i p d i s p l a c e m e n t h a s o f f s e t t h e E a s t Canyon f a u l t t o t h e e a s t and 
c a r r i e d K n i g h t b e d s 4 0 0 - f e e t beyond t h e o l d e r f a u l t t r a c e . 
B i g Bea r Hollow f a u l t : The B i g B e a r Hol low f a u l t i s a 
m i n o r d i s p l a c e m e n t of F r o n t i e r f o r m a t i o n b e d s . I t i s l o c a t e d n e a r 
t h e s o u t h e r n bounda ry of t h e E a s t Canyon a r e a and has a d i s p l a c e m e n t 
of 29 f e e t . The f a u l t t r e n d s n o r t h w e s t . Movement a l o n g t h e B i g B e a r 
Hollow f a u l t was d u r i n g e a r l i e s t La ramide t i m e s and i s a s s o c i a t e d w i t h 
p r e - W a n s h i p f o l d i n g of F r o n t i e r b e d s . The f a u l t i s c o v e r e d by Wan­
s h i p b e d s , 
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F o l d s and u n c o n f o r m i t i e s 
B a s a l Wanship u n c o n f o r m i t y : I n t h e v i c i n i t y of B i g Bea r 
H o l l o w , an u n c o n f o r m i t y e x i s t s b e t w e e n Wanship and F r o n t i e r b e d s . 
The d i s c o r d a n c e r a n g e s from 1 ° t o 2 0 ° . I n E a s t Canyon Creek t h e 
beds a r e n e a r l y c o n f o r m a b l e . 
L i t t l e H a t c h s y n c l i n e and pre -Almy u n c o n f o r m i t y : The 
L i t t l e H a t c h s y n c l i n e i s e x p o s e d i n t h e s o u t h w e s t e r n p o r t i o n of t h e 
E a s t Canyon a r e a . D i p s have b e e n o b s e r v e d ( s e e g e o l o g i c map i n p o c k e t ) 
of 2 3 ° n o r t h on t h e s o u t h e r n l i m b of t h e s y n c l i n e i n L i t t l e H a t c h Can­
yon . The n o r t h e r n l imb i s s t e e p e r and t h e b e d s d i p from 2 5 ° e a s t t o 
3 5 ° e a s t on t h e e a s t e r n s i d e of Mounta in D e l l C r e e k , The s y n c l i n e 
p l u n g e s t o t h e n o r t h e a s t and i s c o v e r e d by Almy c o n g l o m e r a t e i n t h e 
v i c i n i t y of t h e j u n c t i o n of t h e t h r e e c o u n t i e s ( S a l t L a k e , Summit, and 
M o r g a n ) . The p l u n g e i s from 5 ° t o 9 ° n o r t h e a s t . The s y n c l i n e i s e x ­
p r e s s e d i n Wanship beds and t h e pos t -Almy f o r m a t i o n s r e s t a c r o s s t h e 
s y n c l i n e u n c o n f o r m a b l y . 
The L i t t l e H a t c h s y n c l i n e i s a r e s u l t of l a t e e a r l y Lararaide 
f o l d i n g and a f f e c t s Wanship and o l d e r b e d s . 
C l e a r Creek s y n c l i n e and pos t -A lmy u n c o n f o r m i t y : The 
C l e a r Creek s y n c l i n e i s l o c a t e d i n t h e s o u t h e r n p a r t of t h e E a s t Can­
yon a r e a i n t h e v i c i n i t y of C l e a r Creek Canyon ( s e e g e o l o g i c map i n 
p o c k e t ) . The s y n c l i n e i s a s y m m e t r i c a l w i t h t h e s t e e p l y d i p p i n g l imb 
t o t h e n o r t h . The a x i s of t h e s y n c l i n e l i e s n o r t h of C l e a r Creek and 
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p l u n g e s t o t h e n o r t h e a s t . The b e d s d i p from 17° t o 2 6 ° s o u t h on 
t h e n o r t h e r n l i m b and from 8 ° t o 1 6 ° n o r t h on t h e s o u t h e r n l i m b . 
The C l e a r Creek s y n c l i n e i s e x p r e s s e d i n Almy c o n g l o m e r a t e 
b e d s . The Almy beds r e s t uncon fo rmab ly on Wanship c o n g l o m e r a t e b e d s . 
Above t h e Almy, i n t h i s p o r t i o n of t h e E a s t Canyon a r e a , t h e Kn igh t 
c o v e r s a l l o l d e r f o r m a t i o n s u n c o n f o r m a b l y . The c e n t r a l p a r t of t h e 
C l e a r Creek s y n c l i n e i s c o v e r e d by t h e K n i g h t w i t h a d i s c o r d a n c e of 
beds r a n g i n g from 3 ° t o 1 4 ° . 
The C l e a r Creek s y n c l i n e i s a p r o d u c t of m i d d l e Laramide 
o r o g e n y . D u r i n g l a t e m i d d l e La ramide t i m e , u p t u r n e d Almy beds were 
b e v e l e d by e r o s i o n and t h e K n i g h t f o r m a t i o n was d e p o s i t e d u n c o n -
f o r m a b l y . 
Morgan V a l l e y s y n c l i n e and pre-Norwood u n c o n f o r m i t y : The 
Morgan V a l l e y s y n c l i n e ( E a r d l e y , 1944) e x t e n d s from Morgan V a l l e y s o u t h 
i n t o t h e E a s t Canyon a r e a . I t i s a n e a r l y s y m m e t r i c a l f o l d t r e n d i n g 
n o r t h and formed i n Kn igh t b e d s . The d i p s on e i t h e r l i m b r a n g e from 
1 5 ° t o 2 3 ° . The s y n c l i n e p l u n g e s a b o u t 4 ° n o r t h . 
The Morgan V a l l e y s y n c l i n e d e v e l o p e d p r i o r t o d e p o s i t i o n of 
t h e Norwood t u f f . The pre-Norwood u n c o n f o r m i t y e x i s t s be tween t h e 
K n i g h t and Norwood b e d s and d i s c o r d a n c e of 1 5 ° was measu red i n T a y l o r 
Ho l low. The s y n c l i n e i s l a t e s t Laramide i n age and i s p a r t of t h e 
b r o a d f o l d i n g t h a t p r o d u c e d t h e m o u n t a i n - v a l l e y a r r a n g e m e n t of t h e 
p r e s e n t t o p o g r a p h y ( E a r d l e y , 1 9 5 1 , p . 3 3 1 ) . The Norwood t u f f was 
d e p o s i t e d d u r i n g t h e A b s a r o k a n o rogeny ( E a r d l e y , 1 9 4 9 , p . 21) a f t e r 
t h e s y n c l i n e had b e e n f o l d e d . 
-
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Pos t -Norwood u n c o n f o r m i t y : T h e r e i s l i t t l e e v i d e n c e of t h e 
pos t -Norwood u n c o n f o r m i t y i n t h e E a s t Canyon a r e a which i s p r e s e n t i n 
Morgan V a l l e y ( E a r d l e y , p e r s o n a l c o m m u n i c a t i o n ) . The Norwood f o r m a t i o n 
h a s b e e n t i l t e d a s much a s 4 1 ° i n S o u t h Norwood Canyon, b u t t h e a t t i ­
t u d e of t h e o v e r l y i n g P l i o c e n e (?) f a n g l o m e r a t e i s u n d i s c e r n a b l e t h e r e . 
Because t h e Norwood t u f f h a s b e e n deformed and no e x p o s u r e s of P l i o ­
cene (?) f a n g l o m e r a t e show s u c h d e f o r m a t i o n , i t i s l o g i c a l t o assume 
t h a t an u n c o n f o r m a b l e r e l a t i o n s h i p d o e s e x i s t b e t w e e n t h e two fo rma­
t i o n s t o t h e n o r t h . 
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GEOLOGIC HISTORY 
L a t e J u r a s s i c t i m e 
The o l d e s t r o c k s of t h e a r e a r e c o r d p a r t of l a t e J u r a s s i c 
t i m e . The P r e u s s r o c k s were d e p o s i t e d on a n a n c i e n t f l u v i a l p l a i n 
and became s a n d s t o n e s , muds tones and g r i t s . The J u r a s s i c M o r r i s o n 
f o r m a t i o n i s n o t e x p o s e d , b u t a d j a c e n t a r e a s show t h e M o r r i s o n (?) 
was d e p o s i t e d c o n f o r m a b l y upon t h e P r e u s s . 
E a r l y C r e t a c e o u s t i m e 
D u r i n g e a r l y C r e t a c e o u s t i m e a h i g h l a n d was formed t o t h e 
w e s t of E a s t Canyon and a c o n g l o m e r a t i c f o r m a t i o n was d e p o s i t e d o v e r 
t h e a r e a . The K e l v i n f o r m a t i o n i s p r o b a b l y a p r o d u c t of t h e o r o g e n i c 
movement of t h e Wasa tch a r e a c o r r e s p o n d i n g t o t h e Cedar H i l l s o rogeny 
of S a n p e t e C o u n t y , Utah ( E a r d l e y , 1 9 5 1 , p . 2 7 5 ) . 
C o l o r a d o a n t i m e 
I n t h e E a s t Canyon a r e a , a p e r i o d of q u i e s c e n c e f o l l o w e d 
t h e d e p o s i t i o n of t h e K e l v i n f o r m a t i o n . Whi le t h e F r o n t i e r was b e i n g 
d e p o s i t e d t h e h i g h l a n d t o t h e w e s t was s t i l l s h e d d i n g s e d i m e n t s , b u t 
t h e p iedmont c o n d i t i o n s were n o t s o p ronounced a s d u r i n g K e l v i n d e p o s i ­
t i o n ( J o n e s , e t a l . , 1 9 5 3 ) . The E a s t Canyon a r e a was v e r y n e a r t h e 
o s c i l l a t i n g s e a s h o r e b e c a u s e m a r i n e f o s s i l s a r e c o n t a i n e d i n t h e F r o n ­
t i e r f o r m a t i o n a s w e l l a s t e r r e s t r i a l c o n g l o m e r a t e s . 
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Montanan t i m e 
E a r l i e s t Montanan t i m e was q u i e t u n t i l t h e b e g i n n i n g of t h e 
Laramide a c t i v i t y . P r i o r t o d e p o s i t i o n of t h e Wanship f o r m a t i o n , t h e 
f i r s t i n f l u e n c e of t h e La ramide o rogeny i s e x p r e s s e d i n t h e F r o n t i e r -
Wanship u n c o n f o r m i t y i n t h e E a s t Canyon a r e a . A h i g h l a n d was r a i s e d 
t o t h e w e s t and t h e o l d U i n t a Moun ta in h i g h l a n d r a i s e d t o t h e e a s t . 
The Wanship s e d i m e n t was e r o d e d from t h e h i g h l a n d s and d e p o s i t e d upon 
t h e E a s t Canyon a r e a . The w e s t e r n c o n g l o m e r a t i c f a c i e s of t h e Wanship 
f o r m a t i o n s u g g e s t a p r o x i m i t y t o t h e w e s t e r n s o u r c e . 
P a l e o c e n e t i m e 
The m i d d l e La ramide o rogeny t i l t e d Wanship b e d s fo rming t h e 
L i t t l e H a t c h s y n c l i n e . The o r o g e n i c movement c a u s e d a n o t h e r w e s t e r n 
s o u r c e t o be e l e v a t e d , p r o b a b l y a s s o c i a t e d v / i t h t h e W i l l a r d t h r u s t 
( E a r d l e y , 1 9 4 4 ) . From t h i s h i g h l a n d a g r e a t mass of c o a r s e c o n g l o m e r a t e , 
t h e Almy f o r m a t i o n , was shed e a s t w a r d . The o r o g e n i c f o r c e s c a u s e d 
a d d i t i o n a l d e f o r m a t i o n and t h e L i t t l e Moun ta in r e v e r s e f a u l t ( P l a t e V ) . 
Eocene t i m e 
The l a t e Laramide o rogeny f o l l o w e d Fowkes d e p o s i t i o n . By 
l a t e Eocene t i m e b r o a d bands of f o l d s had b e e n imposed on t h e r e g i o n . 
The f r o n t a l Wasa tch r i d g e and t h e H e n e f e r a n t i c l i n e t o t h e n o r t h e a s t 
( E a r d l e y , 1 9 5 1 , p . 330) had b e e n u p l i f t e d . The Almy and Fowkes b e d s 
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were t i l t e d , t h e C l e a r Creek s y n c l i n e was formed and t h e d e l u g e of 
K n i g h t c o n g l o m e r a t e c o v e r e d a l l p r e v i o u s s t r u c t u r e s t o d e p t h s of 
s e v e r a l t h o u s a n d f e e t . 
O l i g o c e n e t i m e 
A f t e r Kn igh t d e p o s i t i o n , t h e La ramide a c t i v i t y s u b s i d e d . 
B r o a d , g e n t l e f o l d i n g e n s u e d , and t h e p r e s e n t day r e l i e f f e a t u r e s began 
t o form ( E a r d l e y , 1 9 4 4 , p . 8 5 4 ) . The Morgan V a l l e y s y n c l i n e i s a r e ­
s u l t of t h i s d e f o r m a t i o n . Vu lcan i sm a g a i n b r o k e o u t and t h e Norwood 
t u f f was d e p o s i t e d . 
Miocene and P l i o c e n e t i m e 
F o l l o w i n g Norwood d e p o s i t i o n , a l o n g e r o s i o n c y c l e formed 
t h e Herd Moun ta in e r o s i o n s u r f a c e . L a t e r u p l i f t , a p p a r e n t l y t o t h e 
w e s t , c a u s e d d i s s e c t i o n of t h e s u r f a c e and m i l d d e f o r m a t i o n of t h e Nor ­
wood and o l d e r b e d s . T h i s u p l i f t b r o u g h t a b o u t t h e E a s t Canyon f a u l t . 
The Norwood beds were c u t by t h e f a u l t wh ich moved on t h e 
same p l a n e a s t h e P a l e o c e n e L i t t l e Moun ta in r e v e r s e f a u l t , b u t i n t h e 
o p p o s i t e d i r e c t i o n ( P l a t e V ) . The s t r e s s wh ich c a u s e d t h e f a u l t had 
become a t e n s i l e f o r c e due t o u p l i f t i n t h e a r e a . L a t e r , a n o t h e r 
e r o s i o n s u r f a c e was formed. T h i s was t h e Weber V a l l e y s u r f a c e . 
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Q u a t e r n a r y t i m e 
The E a s t Canyon a r e a h a s had l i t t l e o r no g l a c i a t i o n b u t 
a l l u v i u m from t h e h i g h e r Wasa tch and U i n t a g l a c i e r s was c a r r i e d t o 
t h e E a s t Canyon Creek h e a d w a t e r s and d e p o s i t e d a s v a l l e y f i l l . Sub­
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